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Outline

* ATLAS upgrade overview
 Muon system upgrade

* Calorimeter upgrade

* Tracker upgrade
 TDAQ system upgrade

* Summary
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ATLAS Detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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LHC Schedule

Only EYETS (19 weeks) (no Linac4 connection during Run2)

LS2 starting in 2018 (July) 18 months + 3months BC (Beam Commissioning)
LS3 LHC: starting in 2023 => 30 months + 3 BC
injectors: in 2024 => 13 months + 3 BC
2015 2016 2017 2018 2019 2020 2021
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Physics Studies (Samples)
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HL-LHC (3000 fb)
> 170M Higgs events produced
> 3M useful for precise measurements
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Challenge in Brief

High instantaneous luminosity
« ~200 pileups/bunch crossing
* Higher detector occupancy and
larger event size
* Higher trigger rate so critical to refine
the triggers to maintain sensitivity
to physics
— Low threshold for single leptons
— rejection on pileups

High integrated luminosity
* Higher radiation damage
(fluence ~ 10%*° n_,/cm?close to
the beam pipe)
* Higher activation of the materials

08/25/2014 Jinlong Zhang
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ATLAS Upgrades

c splice collimation, HL-LHC
consolidation cryogenics, ... installations o
~3000 fb-!
~300 fb" until 2035

LS1 O Ls2 — | Ls3
13-14 TeV 14 TeV HL-LHC
~30 fb- > > -
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 -m

Go to design energy, Injector and LHC HL-LHC Phase-2

nominal luminosity Phase-1 upgrade to  upgrade, IR,

L£=1x10* cm?Zs ultimate design luminosity leveling, ...

luminosity L =5x10 cm-2s-1

L=2-3x10%cms!
ATLAS ATLAS ATLAS
Phase-0 Phase-1 Phase-2
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ATLAS Upgrades

LS1

HL-LHC

nstallations

cryogenics, __
~300 fb-1

%000 fb-!
. until 2035
~10% 182 —— | Ls3

14 TeV
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~30 fbo-'|
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Phase-0

ATLAS
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* Insertable B Layer

* Improvement on muon spectrometer coverage
* Consolidation of some parts of the detector

e Infrastructures and services

* Preparation work for Phase-|

 TDAQ system improvement

Jinlong Zhang
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ATLAS Upgrades

splice
consolidation

LS1

s
collimation, HL-LHC P
cryogenics, __ installations ¢

0% Ls2

13-14 TeV

~30 fb-!

~3000 fo-!
~300 fb-" until 2035

14 TeV HL-LHC
= e

2013 2014 2015 2016 2017 2018 2019

L =2-3 x10* cm3s-1

<p> ~55-80

2020 2021 2022 2023 2024 2025 -@

ATLAS Peak Luminosity exceeding
Phase-1 design luminosity

New Small Wheels to improve muon trigger

Liquid Argon Calorimeter (LAr) trigger path electronics
TDAQ with higher granularity LeveI 1 calo i eter trlgger new readout etc

Fast TracKer

ATLAS Forward Physics detectors
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ATLAS Upgrades

~3000 fo!
~300 fo! until 2035
~100 b1
LS1 LS2 —— | LS3
13-14 TeV 14 TeV HL-LHC
~30 fb-' > > >

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 -@
L =5 x10% cm2s1, <p>~140 with leveling ATLAS
L =7 x10** cm?s™!, <p>~200 no leveling Phase-2

* New all silicon Inner Tracker

 New TDAQ system with Level-1 track trigger

* New electronics for LAr and Tile calorimeter

* Upgrade to muon system electronics and possibly some
new chambers

* Major evolution of software and computing

08/25/2014 Jinlong Zhang
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Muon System Upgrade

Phase-l: New Small Wheel (NSW)



In forward direction the efficiency of muon chambers
deteriorates as the luminosity goes beyond the design value

of the muon endcap
Located between

endcap calorimeter
and endcap toroid

-

Level-1 muon trigger rate exceeds the available bandwidth

unless thresholds raised

Replace small wheels
To reject fake muon triggers by requiring high quality

Y

pointing to interaction region

To combinine sTGC and micromegas technologies for
robustness to Phase-Il luminosities

08/25/2014
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NSW

Micromegas as primary precision tracker

* Space resolution < 100 um independent of track incidence angle
* Good track separation due to small readout granularity

* High rate capability due to small gas amplification region and small space charge effect

sTGCs as primary trigger detector

* Bunch ID with good timing resolution to suppress fakes O
* Track vectors with < 1 mrad angular resolution 1
* Based on proven TGC technology P

sTGC  sTGC

Mechanical
~ Prototype

2.4mx1m Micromegas Prototype
(New Small Wheel: 1280m?)

08/25/2014 Jinlong Zhang

sTGC Prototype
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Calorimeter Upgrade

* Phase-l: LAr trigger path electronics
* Phase-ll: Tile electronics



Front-End Board

LAr Readout Electronics

‘
0

ki

(" TTC Partition Master
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Tower Builder Board

v Y

Jinlong Zhang

Fixaff Latenty (~2 2us)

L1 Calo
Processor
L1-Calo/

Merger
L1-CTP
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LAr Readout Electronics Upgrade

_f—EmdﬁEnd.&)a!d \ Vs

Precision readout path
i High level trigger and offline
— (Phase-Il Upgrade) ‘
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LAr Readout Phase-l Upgrade

* To maintain high efficiency for y &
Level-1 triggering on low P; P
electrons and photons , 01

Exemplification
of an EM ; et
shower and its "Super-Cells" are formed by grouping 4 cells in ¢:
lateral energy inside the Front-End Boards. The signals of the
profile across SuperCells are digitized in the new TBB
the Super-Cells -

. LAr EM Barrel
 To change LAr calorimeter

front-end electronics to

Trigger Tower (AnxA¢p=0.1x0.1) Super-Cells:

60 Cellsina TT AnxA¢$=0.025x0.1 in Front, Middle
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-
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LAr Readout Phase-l Upgrade

New or modified
Components
(in red)

aug|daseg

Possible implementation

AnxA¢=0.025x0.1 1st and
2nd layer EM

AnxA$=0.1x0.1 elsewhere

a 08/25/2014
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LAr Readout Phase-l Upgrade

* LAr Trigger Digitizer Board (LTDB)
— 320 channels per board
— Digitization with 12-bit precision @ 40MHz
NEVIS 13
— 200 Gbs output per board
— ADC requirements similar to for Phase-Il FEB
* LAr Digital Processing System (LDPS)
— ~800 Gbs input and output per board LTDB
— With features of Phase-Il Pre-Processor demonstrator
H12Te Dcrgzr i TTC Ph-1 “
:i:'zG:: N i :: 1,GbE= m% TTC Ph-II
e Monitor data = ‘@ﬂ == & EE::Zebugging
AMC ==l SR I | R —
4x12 Tx chi g
X GBT 3 > 1 GbE |e—d Monitoring data 10/40GbE| g
12 R = P s Ll FPGA ’—JE‘_,
LTDB,GBT 2 1 - | TDAQ
AMC > Monritordata h 'C “g’- Monitoring
x12Tx 3 i e
HeEg kel s —"]
! Monitor data itor/config 1GbE N
AMC o TAG reset. e w | LTDB/LDPB
::;ZG'; : j T 1GbE % config/monitor
a2 R —| FPEA oo | L
HERSeT Momtordata ATCA LAPP E power
amc  Pveac e e | power || 1PMC :“z’c;; || Ty

Y
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LDPS
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Tile Readout Electronics Upgrade

 Complete FE&BE electronics replacement in Phase-lI

* New read-out architecture
— Full digitization at 40MHz and transmission to off-detector system
— Digital information to LO/L1 trigger

Present

Detector signals 3-in-1 [ Digitizer

(P} »@ - (o)
1 ADC
Analog l ‘ >( }> PIPELINE

trigger sums

EmMZ

Phase-ll Upgrade

4 ™\
Daughter board R
Detector Signals ug \ sROD

New 3-in-1 (" Main board )
40 MHz -
@[
PMT > 32 ADC to FELIX

m Pipeline
_’@_I For;i» GBT @

\, / \ /

Digital y Trigger Sums

08/25/2014 Jinlong Zhang
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Tile Readout Demonstrator

On-detector Off-detector
Hybrid demonstrator super-drawer
: S L1Calo
E R A R A A LA A A
MainBoard [z2: < | MainBoard |°§‘.‘,‘.’,'.‘.',": Q. [ MainBoard [z | MainBoard ez O :
FEEEEEEEEEE B EEEEEEEEEEELE EEFEEEEEEEE S EEEEEEEEELEL EC) /R°°
®) SROD |<———TTC, DCS
[ HV-SYSTEM ] [ HV-SYSTEM | \ | HV-SYSTEM | [ HV-SYSTEM s ; . | sLOCalo
Lv;:s | k s DCSICAN

Main-board

L HV board

Rigid mechanical lin W piFp  (undemeath)

Cooling pipe link
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Tracker Upgrade

Phase-0: Insertable B Layer (IBL)
Phase-Ill: New all-silicon Inner Tracker (ITk)



IBL

* New pixel layer around new smaller beam pipe

Current pixel package brought to surface for

— IBL support tube insertion at surface
— New services installed to fix problems and improve R/O
bandwidth (nSQP)
Existing B-layer

T T

fary -
o (=]
w S

—y
T TrTTTT

Light jet rejection

10F

G

new })eam-pi[.;e

— New diamond beam monitors with IBL (FE-14) ASICs
Pixel detector reinserted and reconnected

IBL inserted into ATLAS in May
— Services being connected and tested
— Preparing for operation and commissioning

08/25/2014 Jinlong Zhang

| | s
0.6 0.7 0.8 0.9 1
b jet efficiency
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IBL

» 14 staves at <r>=3.3.cm,|n|<3.0
* 1.9% X/X, radiation length including the new beam pipe
* 32 FE-14 FE chips per stave (4x1-chip 3D + 12x2 chip Planar + 4x1-chip 3D)
* FE-14 chip =
— 19 x 20 mm? 130 nm CMOS process i AT
— based on an array of 80 by 336 pixels (each 50 x 250 pm?) il
* Planar sensor
— oxygenated n-in-n
— 200um thickness
— Minimization of inactive edge
— Radiation hardness proven up to 2.4x10%° p/c
e 2 types of 3D sensors

= 724 )
! 362
0.205 Z=0 &. 0.205 A
Tgap between chip 3D 0.205 N Tgap between double planar 4’3‘0’
== w7 -
J . A
Chip 3D /= . /Double chip planar.,/~ 3 _Chip 3D
0.205
gap between Double planar and chip 3D
a 08/25/2014 Jinlong Zhang ”



ITk

. * 4/6 pixel layers/disks
. Lol Layout . . .
» 5/7 strip layers/disks + stub cylinders
£ | — l ‘ | i ‘ l I * 50x250 um? pixels (25x150 for inner layers)
| EP==rm e 24/48 mm strips for barrel inner/outer
= layers and various different lengths in disks
olo ols 1|0 1|_5 2|o 2i5 3|0 ) L —— ATLAS Simulation
z(m) =:‘: Silicon Area| Channels [109]
Pixel 8.2m? 638
Strip 193m?2 74
1 MeV neutron equivalent fluence
T -'""'"'"""""ATLA$S|'muIat|on4jI . . . :
£ 1000
= 1 —0.8 1e+17
800i I | [ ] Il_ —0.7
| ! ! ll —0.6 Ng
6005 | II!!_—— lo,s 1e+16§
AOOT—iEilrl _‘3-; 3
N T i

o e ettt —— 0
800075000 <1000 070002000 3000 0 150 200 250 w0 3%

z [mm] Z [cm]

200 pileups 3000 bl @ 14 TeV
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ITk Pixel Detector
e Planar (n-in-n, n-in-p), 3D and diamond sensors proved ' . | |
to doses up to 2x10*°n_,/cm?and 1Grad ' NO

ok
« TSMC 65nm technology allowing pixel sizes down to e \
50umx50pum or 25pumx100um (RD53) Bl

 Test structures in 65nm produced and studied after irradiation "o 0 T

Fluence (10" n_ cm”)

=)

Collected Charge (ke’)

» Larger area sensor quads/sextuplets produced with several foundries
* Irradiated quad pixel modules studied in test-beam with excellent performance

FE-T65-1 — Single Pixel

Analog - 50 pm

* Prototyping of local supports for
various concepts carried out

» Different support designs
and service routings studied

180 pm

Quad Pixel
Sensor Sensor

Forward Pixel Services Possible Barrel Support Concept Quad Pixel Module

08/25/2014 Jinlong Zhang
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ITk Strip Tracker

New n-in-p sensor prototype delivered with
4 rows of 2.4cm long strips at 74.5um pitch
New 130nm CMOS ASIC with 256 channels received ke

20

Strip modules (single/double sided) prototyped with 250nm
ASICs

Large area stave DC-DC prototype (120cmx10cm) produced [ 4 ToweY Prot
and under study ° i
Serial and DC-DC powering studied on the short 250nm stave

r —4&— 26 MeV Protons (500 V)
5| 4 Neutrons (500 V)
—#A— 70 MeV Protons (500 V)

Collected Charge (ke)

10
Fluence (10" Ny cm?)

28
36
p— staves -] 2x13 modul
Other new chips (HCC, DC-DC, etc) — ps -
Hybrid/module designs for them completed "“ Z
. Each side St 1 barrel stub |1 64 stavelets 2x1 modules
Local supports prototyped and further material reduction v}
achieved e e—
. . ISKS 32 petal X ules
Progress in Petal and Stave support designs =
End-of-stave card for 130nm developed ¢ . 4 i i ; :
Module 1 Module 2 Module 13 -og II I I II mm
w M -
ABC130 hybrids modules Sl sensors
Il
o
0]
o
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ITk Strip Prototype Components

E—

Sensor: 4 strip rows 4 row wire bonds Barrel module

Prototype EC module

g
.. . ) - ,f‘ ,‘

:'J; —= =/ 1
- | Y
=y R A

14
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TDAQ System Upgrade

 Phase-l: Fast TracKer (FTK),
Level-1 Calorimeter Trigger (L1CALO),
Front-End Link eXchange (FELIX)

* Phase-ll: Trigger architecture



v

ATLAS TDAQ

Calorimeter detectors

Muon detectors

’l)'b'b Other Detectors

Detector
Read-Out

08/25/2014

v Level-1 calorimeter v Level-1 muon o
Preprocessor Endcap Barrel
sector logic | | sector logic
T I
Electron/ Jet/
Tau Energy *%
MUCTPI 8
<
]
3
CTP -
Central trigge;
Level-1 (< 2.5 ps)
Regions Of Interest ROI
Requests
v

DataFlow

ReadOut System

{4 Event building §

Level-2
D L2 Accept

:LData Collection Networkw

|

Event Filter )
- Event data

High Level Trigger

Jinlong Zhang

$ | Back-End Network

SubFarm Output

2012

20MHz | 1.6 MB

Level-1 accept

70 kHz

100 GB/s

Level-2 requests

25 kHz

8 GB/s

Event building

6.5 kHz

600 Hz

10 GB/s

960 MB/s
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Calorimeter detectors

ATLAS TDAQ after LS1

Tile calorimeter D-layer

Muon detectors including NSW

A)'(l}(') Other Detectors

Detector
Read-Out
-

i

4 DataFlow

\ 2 4 A 4

ReadOut System

O Phase 0
O Phase |

08/25/2014

v Level-1 calorimeter | =] muon
B Endclap [:anl'el
sector logic | || sector logic
\
v v — |
Electron/ Jet/ eljlg ”
FEX 2
CMX CMX [MUCTPI| 8
<
o
> Topology ||| N >
<P CTP ]
» | CTPCORE
| CTPOUT |
Central trigge!
Level-1 (< 2.5 ps)
- RolB
Regions Of Interest ROI
ﬁequests
/~ v
High Level Trigger
Fast TracKer ]  HLT processing g
(FTK) J g D Event data

o

J

Jinlong Zhang

:{\Data Collection Networkj

N\

v

SubFarm Output

2012 Post LS1
20MHz | 1.6 MB
40 MHz+ 2.4 MB

Level-1 accept
70 kHz | 100 GB/s
100 kHz + 240 GB/s
Level-2 requests
25kHz | 8 GB/s
40 kHz T 60 GB/s
Event building
6.5kHz | 10 GB/s
12 kHz 1+ 29 GB/s
600 Hz | 960 MB/s
1 kHz + 2.4 GB/s
A\ 4

31



FTK

£
Use hardware to perform the global tracking B
@100 kHz in two steps s
 Pattern recognition with Associative Memory -

* Track fitting with DSPs in FPGA

Single

Hi\; .
Road-_ |:> E

Superétrip (bin)

Pattern recognition in coarse resolution Track fit in full resolution (hits in a road)

(superstrip=>»road)

Road size to balance the workload between two steps
(pattern size vs fitting combinatorics)

08/25/2014 Jinlong Zhang
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T T 1 T T
1k Simulation, no IBL Barrel (Inl <. 1.1). ]
ﬂ
0.8} <

3 i
0.6k Offline IP2D
0.4 i —— FTK LF Rejection x18 N
| — FTKLF Rejection x5
——— FTK LF Rejection x2

0.2}

i ] ]
07 08 0.9 1
Efficiency Offline Selection

i I i
8.3 04 05 0.6

il B B B B L B UL B
- ATLAS Simulation, no IBL
35— —&— FTK Primary Vertices vs »
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30— --== Linear Fit *
E Linear Fit ’ a%Ah
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System Overview

 Detector silicon trackers, PIX (4 layers ) &
SCT (4 double layers)

* Pattern matching and initial track fitting

vxels 0 1ayersy  WIth 3 PIX, 4 SCT axial and 1 SCT stereo

SCT (4 layers) layers

Tz sraniorers) o |BL, other SCT stereo layer extrapolation

Pixels (3 disks)

e ST dks :
TRT (14 wheels) (9 disks) and 12-layer fit
F ol eo4]
i £ | | ‘ ‘ ‘ ‘ | | [g08] ,,L::::::\ Sector ¢$01
g y '3 S RN [002)
= S / v, & v\,x"f\\“ Sector ¢$00
= s Bt/ 7N A
= EEE /fl([/ e Hits from DF Core Crate 45° 4 aqditional tayer
= = piane <wofefoecf--f foefof o Pix+axial SCT ;
: =1 .. J i
P %o = m
[mm] )‘\
\

fSSB

*16 overlapping ¢ sectors, each sector
further divided into 4 n towers

* 8 crates @ 103 total planned, one
crate processing 4X2 n—¢ towers

1n-0®
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Function Schematic & Prototypes

&

ITTTTXXTXX R X o

e
--------

100 kHz
Event
Rate
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L1CALO in Phase-I

( )
E L1Calo ey, TOBs
R = 3x 2 ECAL Elect ~
n - (digital) o | supercells A e L1A
E > % Feature [g[GN L1Topo [ L1CTP —>
7x 2 6.4 Cb/s Extractor |T|x \::
2204 Jets, T, TE; Emiss
200? ATLAS simulation _
ot Optical| | Jet Feature —r=1T'[| .
¥ o0 4 e Ep23Gev Plant | Extractor |3{o[N
= 1a0f- + ——+— E7>23GeVand R>0.94 14 ~\‘
ﬁ ::: +++ iﬁﬁéﬁ&i"f“ e Fat Jets, Structure, Pileup \\
-~ F - Global DAQ Oy Rol
= 80 ++ o, F o
E - » Feature |2|0Q >
“F + Extractor |Z|gN
a0, by *H‘*«H, tay N
20;{ 7‘-12'.1:::;‘_::-\_::_ =y ;‘: — H*m* 0O . \
50 a5 a0 a5 50 55 Jets, Tbr ™
L1 EME; [GeV] DAQ
ECAL
Retain unprescaled single  (anzlogue)
lepton triggers with p; —
\ To RODs )
****** 2.5 “St“
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Detector specific Common

FE
(on/off detector)

Detector specific

Y

FELIX for Readout Upgrade

* Enabling transition from custom hardware to COTS as early as possible
* Using high level switch protocols of high speed and large bandwidth

* Configurable and flexible data routing and error handling, without relying
on detector specific hardware

* Direct low latency paths between links
* Universal ATLAS-wide TTC/BUSY handling as for now
 Command scheduling with guaranteed timing for calibration

TTC/BUSY

FE ROD

ROD-like

——» Point to point connection

———= Not specified
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FELIX in Phase-I

LAr Phase-l Upgrade Off -detector Level-1 Calorimeter Phase-l Upgrade New Muon Small Wheel
Trigger Readout Digital Processing Feature Extractor (FEX) System Readout
|
On-detector LAr Digital Processing
Readout Board [LDPB] —] ——
Trigger H —> Ovtical > FEX
Digitizer PF: 'C‘ti
Boards Processing an FEX
[LTDB] e | FPGAs
8 |wLt o | FEX (A4
/Y Pipelines 2% Module To LT Topo Front End
[x4] and CTP
A
To L1 Muon A ik
GBT Link Output :X: Yy ] (pelpfjnction,
for Clock FPGA per FE chip)
distribution o Hub
496 links %
Cfgmonvclk link | | Data link cigimonalk fink 8| Data tink GBT | oo™ ss ik
(EE]) protop ey (B 4protoco|) (GBT protocol) (GBT protocol) o i)
31 links 248 links < 8 links < 48 links at Phase-| t sTGC: 384 links
FELIX coo FELIX __ eee FELIX e
TTC
FE Link eXchange FE Link eXchange FE Link eXchange
-« ge) ( ge) -— ( ge) |e——
BUSY . BUSY BUSY
Common H/W ? ?
(S/W customizable) + +
COTS network
> (40/100 Gb Ethernet, Infiniband or ...) -
Monitoring/ DAQ HLT
Calibration (ROD/ROS)
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Y

Phase-Ill Trigger Architecture

ITK Tile || LAr Tile | | LAr Endcap| | MDT | | Barrel | _
5 I‘llJ DPS | | DPS /NS H |_l et fonend
...... b e L L L Detector front-en
; g B :
| FELIX | FELIX tical Endcap Barrel
lant Sector Logic|| || Sector Logic
|gFEX || jFEX | [eFEX| MUCTPI
LOTOBO/
___________________________________ o eops |
1 MHz
v v ‘ L0 accept
| L1 Track | | L1 Calo |
*v \ 4 \4
L1Topo/
SO s o1 S s0/60ps |
B 1 300-400 kKAzZ
L1 accept
ey Level 1

e A trigger architecture proposed in the ATLAS Phase-Il upgrade Lol
— FTK-like Level-1 Track Trigger (L1Track) system
— Phase-I Level-1 becoming Level-0

* The Baseline requirements

— LO Accept: 1 MHz after a latency of 6 ps

— L1 Accept: 300-400 kHz after an additional latency of 24 us
08/25/2014 Jinlong Zhang
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L1Track

-—— = P

LoA

(R3 regquest)

staves

Py

_ -~ Ll1/R3data
~

A schema similar to FTK

-—— o = =

ITK RODs B

Lo Rols

* Processing ITK clusters , finding tracks thus refining
objects associated with LO Rols

* AFTK like system but

- Lower latency and higher parallelism
— Using partial event since Rol based
* Possible challenge from the ITk full detector readout

at LOA

-
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Summary

* ATLAS has a coherent plan for upgrades through the coming
years to meet the challenges up to and in the HL-LHC era.
Not mentioning in this presentation:

— Phase-I: AFP
— Phase-Il: HR/HV-CMOS R&D, Hadronic Endcap Calorimeter

electronics, Forward Calorimeters, Muon detector electronics,
extension to large 1, ... ...

— Software and Computing

 Major R&D programs are targeting most upgrades needed
for ATLAS to operate at luminosities far beyond the design.
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